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INVENTION DISCLOSURE (continued) 

Introduction 

^M^J^ V ^^1"™ '^ss Control (MAC) \3l operates on 2 bands (namely 2.4 GHz and 5.0 GHz) and operates with 5 
di^t physical layers namely. DSSS. FHSS. IEEE 802.11a PHY, IEEE 802.11b PHY and IEEE 8W llJpHY Vh^ 
RHYS excepting IEEE 802.11a operate in the 2.4GH2 band while IEEE 802.11a operates In Se 5 Gttz bSid The mJS 
^'"°H^ "^T^r^ '^^^ ^°2.11a 15] and IEEE 802.11b 14]. The standard speciflSflon fo%,e^Si«toS SS^J' 
specmes on how a MAC frame is transmitted over the air after adding the overtieads. We wfll describe In WefmtowMK 
firame IS processed before being transmitted in the air. m oner on now me 

^' BdS^ R^t^^!J!!T.!!!ZJ^j.r?^ ^f^ri^"^ MAC adds the MAC layer header Including the Transmitter 
address, Receiver address and the MAC layer CRC loiown as Frame Control Sequence (PCS) 

^V^l^?o^^^^iiif f^""'"^»^ ® F*"^^^ ^* « *° »^ transmitted in the air and passes the 

HS^^^thJdP^^ PLCP preainble is 16 microseconds for IEEE 802.11a/g and 144 microseconds for IEEE 
2£;I«iJ2^r^?=« flJ^Vf fransmitted using the basic rate and its transmission time is also fixed. They are 4 
microseconds for IEEE 802.11a/g and 44 microseconds for IEEE 802.11b. meyareH 

TonSJ'tl.-^mJJSfJl® introduced the concept of transmission opportunity (TXOP), By this, the non-AP QSTA and QAP 

rxnPUrTj^f^ ^V"^^"!^ T*^ Sf* ^"^^ *° '^o'*' channel for the time specified by 

TXOPIimit and transmit multiple frames with spaced by SIPS. This is called TXOP bursting. But for each frame 

fixed overhead of 20 microseconds for IEEE 802.11a/g and 192 microseconds for IEEE 
MAC IS,?v^;.^ ^S^no'.r"^'"'"^ the preamble and PLOP header. When the IEEE decided to introduce the new 
UnnJj^S^ ^ ?■ P'- 802 1 1n. this preamble posed a stumbling block In increasing the efficiency of the MAC. So we 
propose the following methods and new IPS namely the Buret Inter Frame Space (BIFS) time. 

Invention 1 : Buik Inter Frame Space Time (BIFS) 

o ■ ■ 

' «^ArS?^ ''^w ^ specifies that during a TXOPIimit. a non-AP QSTA/QAP may use the no ACK or block ACK policy. By 
no ACK. each frame is transmitted and the ACK is not expected for that frame. If the TXOPIimit were larger than me single 
irame tiansmi^ion time and If more firames are pending transmission at the MAC queue, the cunent IEEE 802 He 
f«= on^^i!^*'^®^ the. succeeding frames may be transmitted after SIFS «me. Similarly In the block ACK policy of 
.1® frames are transmitted successfully with IPS time SIFS before the transmission of the ACKs by the feceh/er. 
JSh.Hoffh!'?® e actually requirol only if the receiving non-AP QSTA/QAP were to r«tum an acknowledgement as it 
«f i f! n?^ process the frame plus the receiver (RX) to transmitter (TX) turnaround time. In case of no ACK as 

w «1 . ^^"^^^ ' necesswy to have the receiver wait for SIFS time to transmit the ACK frame (excepting 

for the iMt frane m the Wock ACK policy after vyhlch the receiver must send ACK to the transmitter). So we propose a new 
l£S cailwl BIFS. So the firames that don't need ACK immediately are transmitted continuously with the BIFS time between 
frames. BIFS can be shorter than SIFS, since it does not include the Rx to Tx turnaround time, and it is only needed for the 
receiver to detect the end of one frame, and the beginning of the next one. This is shown In the following figures. 

Invention 2: Organizing the MAC frames 

Method 2.3- Only one transnriisslon of PLOP header and PLCP preamble 

Let the transmitting MAC have multiple frames queued in its buffers. Instead of transmitting each frame with its PLCP 
header and preamble, the MAC transmits the PLCP header and preamble only once before the start of the frame 
transmission and then transmits remaining frames without the PLCP header or preamble. The PLCP preamble and header 
IS used by all receivers. Each receiver decodes only Oie MAC firames addressed to Itself. This is done with a new frame 
fomiat called concatenated frame fbrmat (multiple frames packed Into a single frame). The concatenated frame header 
provides InftjrmaHon of the number of firames following the PLCP header and its length, so that the receivers know when 
the MAC frames start and end. This means except for the first frame the PLCP overhead is totally eliminated for the 
li'pf^fo s T®?;,." .^^r® *° ^° 9aln In overhead elimination wouW be 

Hi^rTAK/w "^^t^^ ^ container frame provided In IEEE 802.i1e D1.0 and the train frame In 

HiperLAN/2 16JI7]. however this new method allows for multiple transmitters/receivere In a single concatenated frame. 
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Method 2b- Multiple transmissions of PLCP header and PLCP preamble 

!<-!l!^^^?K*'^®? ^ concatenated frame is too long It would bo harmful for that frame if the channel state changes. 
SSS « ? °^ channel state during the transmission of the concatenated frame the transmitting 

^o??K^!y P'«3'""e after few frames so that the receiver using the channel state infbnnation from the 

preamble can extract the firame if the channel were to go bad during the transmission. Ttie frames can t)e separated by 
BiPS, Which is only big enough for the receiver to detect the end of the frame and the beginning of the n«(t one 
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Related Applications 

This application claims priority to U.S. Provisional Applications Serial Nos. 
5 60/478,156 filed on June 12, 2003, and 60/487.694 filed on July 16, 2003. the entire 
disclosures of which are hereby incorporated by reference. 

Technical Field pf the Invei^ tirtn 

The present invention relates to data transmission techniques, and more 
10 particularly, to an optimized method for efBciently transmitting data fiames using 
MAC protocols, such as wireless IEEE 802.1 1 protocol. The present invention also 
relates to a novel fisme stnictuie used m the invrative method. 

Background of flie Inventitw 

15 The ffiEE 802.11 wireless <tata network standard defines a Media Access 

Control (MAC) layer and a Physical (PHY) layer for a data network with wirel^ 
connectivity. The specification for the physical (PHY) layer specifies on how a MAC 
fiame is transmitted over the air after adding the overheads. When a data ftame 
anives fijom the higher layer, the MAC adds the MAC layer header including 

20 addresses of the transmitter and the destination (receiver), as well as the MAC layer 
CRC (Cyclic Redundancy Check) known as Frame Control Sequence (PCS). 
Thereafter, the MAC determines the physical layer rate at which this fiame is to be 
transmitted in the air and passes the frame to the physical layer. At this layer the 
ftame is added with a physical layer control procedure (PLCP) header and a preamble 



before being transmitted in the air. The conventional frame structure is shown in 
Figures 1 and 2. 

Figure 1 illustrates a typical frame format of data frames for transmission 
according to IEEE 802.1 1 protocol. Each frame typically comprises two parts. One is 
5 a PLCP overhead 10, which includes a PLCP preamble portion 1 1 and a PLCP header 
portion 12^ and the ofter is a MAC data frame 20, which includes a MAC header 
portion 21 , a MAC frame body portion 22 and a CRC portion 23. 

The PLCP preamble 1 1 is PHY dependent, which includes information mainly 
used for timing and synchronization functions. The PLCP header 12 mainly includes 
10 information about the length of the frame, the transmission rate, etc. 

The MAC data frame 20 is illustrated in more detail in Figure 2. The MAC 

header 

Portion 21 includes addresses information 214 and other information, such as Frame 
^Control 21 i, Duration/ED 212, Sequential Control 213, etc. The MAC layer CRC 

IS portion 23 is known as Frame Control Sequence (PCS). 

The PLCP overhead 10 is always transmitted at the lowest transmission rates 
in today's IEEE 802.1 1 systems. Specifically, tiie fixed transmission time is 20 
'microseconds for IEEE 802.1 la and 802.1 Ig and is 192 microseconds for IEEE 
802.1 lb. According to the current IEEE 802.1 1 standard, the maximum size of tiie 

20 MAC frame is 2304 bytes, and each MAC frame is added with the PLCP overhead 10, 
which substantially decreases the network throughput. Moreover, because of high 
error rates in wireless networks, the frames may be even fragmented into smaller 
fragments, and each fragment will have the above said PLCP overhead 10. 

Each MAC data frame 20 has a MAC header 21 that includes address 

25 information 214 indicating the destination. According to the current MAC protocols 
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TheIefote.thete^sa „ver a data network. 

• nfMACdataftamesoveraoaw 

SBSfflSS^s£&&^sa^ Wtdesanewmethodofttansimtting 



Pieferably, the frame structure does not have a limit on the size of the MAC 
data frames. 

Brief Explanation of ttie Drawings 
5 The above and other features and advantage^ of the present invention will be 

clearer by reading the following detailed description of the preferred embodiments 
with reference to tiie accompanying drawings, in which: 

Figure 1 illustrates a typical frame structure of a conventional packet data for 
transmission over a wireless data network using IEEE 802.1 1 protocol; 
10 Figure 2 illustrates components of the MAC data frame shown in Figure 1 ; 

Figure 3 illustrates a frame structure of an embodiment according to the 
present invention; and 

Figure 4 illustrates a frame structure of another embodiment according to the 
present invention. 

Detailed Description of Preferred Embodiments of the Invention 

According to the present invention, instead of transmitting each MAC data 
frame 20 with a PLCP overhead 10 including a PLCP preamble II and header 12, the 
MAC transmits the PLCP preamble 1 1 and header 12 only once before the start of the 

20 frame traitsmission and then transmits remaining frames 20 without the PLCP 

overhead 10 (i.e., the PLCP header 12 and preamble 1 1). The PLCP preamble 1 1 and 
header 12 are used by all receivers. Each receiver decodes only the MAC frames 
addressed to itself. This is done with the novel frame structure according to the 
present invention, which is a concatenated frame format (multiple frames packed into 

25 a single frame) as shown in Figure 3. 

4 



As illustrated in Figure 3, a plural number of sequential MAC data frames 20, 
which are queued in ttie buffers, share a single PLCP overhead 10. This means that 
except for the first MAC data fiame 20, the PLCP overhead 10 is totally eliminated 
from flie succeeding firames 20. Thus, the PLCP overhead 10 is only transmitted once 

S for all the plural MAC data fiames 20. This considerably increases the efficiency and 
throughput of die transmission for these MAC data frames 20, since the PLCP 
overhead 10 is always transmitted at the lowest rate. For example, if there are ten 
MAC data firames 20, tiie overall transmission time for these MAC data frames 20 
will be reduced by nine 9 times the single PLCP overhead 10 transmission time. The 
10 single PLCP overhead 10 transmission time is typical 20 microseconds for IEEE 
802.1 1 a or 802.1 Ig, or 192 microseconds for IEEE 802.1 lb. 

Preferably, the plurality of MAC data frames 20 further comprises a 
concatenated MAC header portion 24, which provides information regarding Ifae 
number of the frames 20 following the PLCP header 12 and its length, so that the 

15 receivers will know when the MAC data frames 20 start and end. Only one 

concatenated MAC header 24 is needed at the beginning of the concatenated frames 
20. 

The number of the MAC data frames 20 following the single PLCP overhead 
10 are preferably determined with consideration of the stability of the channel state. In 

20 the case where a concatenated frame 20 is too long, it would be haimftil for fliat frame 
20 if the channel stage changes. Based on die estimation of the fiiture chaimel state 
during the transmission of tiie concatenated frame 20, the transmitting station may 
insert a PLCP preamble 1 1 after few frames 20 so that the receiver using the channel 
state information from the preamble 1 1 can extract tiie frame if the channel were to go 

25 bad during flie transmission. 



Figure 4 illustrates another embodiment of the present invention, in which the 
plural number of MAC data frames 20 are transmitted to the same destination. In this 
embodiment, the concatenated MAC header 24 further indicates the common 
destination, while the MAC header 21 in each MAC data firame is compressed. The 
compressed MAC header 21a only includes certain fields particular to each MAC 
frame 20, such as a Frame Control field 21 1, Sequence Control fields 213, etc, and 
does not include the portion indicating the common destination. Thus, fb& size of each 
MAC frame 20 can be reduced, which further increases the network throughput and 
efficiency as compared to tiie embodiment in Figure 3. 

Though the above has described tiie preferred embodiments in detail, it shall 
be appreciated that, without departing the spirit of the present invention, various 
changes, adaptations and amendments are possible to a skilled person in the art. For 
example, preferably the size of the MAC data fiames 20 is not limited to 2304 bytes 
as required by the current IEEE 802. 1 1 standard, so the network tiuoughput may be 
further improved. Moreover, the present invention is not limited to the wireless data 
network environment using IEEE 802.1 1 protocol, it is also applicable to any physical 
media with any MAC protocol. Thus, the protection scojpe of the present invention is 
intended to be solely defined in the accompanying claims. 
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What is claimed is: 



1. A mediod of transmitting data ftames over a data network, comprising a step 
of transmitting a plural number of MAC (Media Access Control) data ftames 
with only a single PLCP (Physical Layer Control Procedure) overhead. 

2. The method of claim 1 , wherein said PLCP overhead comprises a PLCP 
preamble and a PLCP header. 

3. The method of claim 2, wherein said MAC data ftames comprise a 
concatenated MAC header indicating said plural number.^ 

4. The method of claim 3, wherein said concatenated MAC header ftirdier 
indicates a lengdi of said plurality of MAC data ftames. 

5. The method of claim 4, furdier comprising a step of mserting said PLCP 
preamble after transmission of some of said plurality of MAC data ftames. 

6. The method of claim 4, wherem said PLCP overhead is sent with a first one of 
said plurality of MAC dag ftames. . ' ' \ , ' 

. 7. The method of claim 2, wherein each of said plurality of MAC data ftames 
comprises a MAC header portion, a MAC ftame body portion and a CRC. 
(Cyclic Redundancy Check) portion. 

8. The method of claifia 7, wherein said plurality of MAC data flames are 
addressed to a common destination, said concatenated MAC header ftirOier 
indicates said destination, and said MAC header portion m each data ftame is 
a compressed MAC header Aat does not mchide a portion indicating said 
destination. 

9. The method of claim 1 , wherein said data networic is a wireless data network. 



10. The method of claim 9, wheiein said wireless data network uses IEEE 802.1 1 
protocol. 

1 1. A frame structure of packet data for transmission over a data network, 
comprising: 

a plural number of MAC (Media Access Control) data frames; 

and 

a PLCP. (Physical Layer Control Procedure) overhead including a 
PLCP preamble and a PLCP header, 

wherein only a single one of said PLCP overhead is provided to all 
said plurality of MAC data firames. 

12. TTie fiiame structure of claim 1 1, wherein said single PLCP overhead is 
provided in front of a first one of said plurality of MAC data frames. 

13. The frame stmcture of claim 12 wherein said MAC data frames coniprise a 
concatenated MAC frame header indicating said pluml number. 

14. The frame stmcture of claim 13 wherein said concatenated MAC header 
further indicates a length of said plurality of MAC data frames. 

45. The frame structure of claim 14 wherein said concatenated MAC header is 
located between said PLCP overhead and said first one of said plurality of 
- MAC data frames. 

16. The frame structure of claim 12 wherein each of said plurality of MAC data 
fi:ames comprises a MAC header portion, a MAC frame body portion and a 
CRC (Cyclic Redundancy Check) portion. 

17. The frame structure of claim 16 wherem said concatenated MAC header 
indicates a common destination of said plurality of MAC data fiames, and said 
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MAC header portion in each of said data frames is a compressed MAC header 
that does not include a portion indicating said common destination. 

18. The fiame structure of claim 17 wherein said data network is a wireless data 
network. 

19. The fiame stracture of claim 1 8 wherein said wireless data network uses BEEE 
802.11 protocol. 
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Abstract 

A method of transmitting data frames over a data network with a MAC 
protocol, such as a wireless network using IEEE 802. 1 1 protocol, in which a plural 
number of MAC (Media Access Control) data frames are transmitted with only a 
5 single PLCP (Physical Layer Control Procedure) overhead including PLCP preamble 
and header. In the fiame structure used in the method, a singje concatenated MAC 
header is added to the plurality of MAC data ficamra. 
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